Abstract. Spatial distribution and properties of oxide were examined in 300 mm nitrogen (N) doped CZ-Si. Experimentally grown materials with N ranging from ∼ 10 13 cm −3 to 10 15 cm −3 were studied by infrared light scattering tomography, scanning infrared microscopy, transmission electron microscopy and electron beam induced current. It was established that an increasing N content improves the uniformity of the radial distribution of precipitates in the bulk of the wafer, the density of precipitates reaching a level of ∼ 10 9 cm −3 . The width of the denuded zone varies in the range from 15 µm to 70 µm depending on radial position and N doping level. Electron microscopy revealed lower oxide precipitate densities of about 10 5 to 10 8 cm −3 . The results are interpreted in terms of existence of agglomerates of nanometer size precipitate nuclei and/or by the defect-induced strain relaxation around the precipitates. 
Introduction
Adding N to CZ silicon is an attractive way for defect engineering. N interacts with point defects and enhances the precipitation of oxygen [1] [2] [3] . The latter phenomenon seems to be promising for reliable intrinsic gettering (IG) in wafers with large diameter, in view of the tendency of lowering the oxygen content with increasing diameter. There is only few information about IG in 300 mm N doped Si. Recent results of scanning infrared microscopy (SIRM) studies indicate a narrowing of the denuded zone (DZ) with increasing concentration of N [4] . The results obtained by infrared light scattering tomography (IR-LST) show a complex picture of the spatial distribution of precipitates in dependence on N doping [5] . In this work, additional analytical methods were applied to complete the knowledge about oxygen precipitation in 300 mm N doped Si.
Experimental
Three types of 300 mm (100) CZ wafers were studied: (a) without N doping (UN), having a N content lower than a e-mail: akhmetov@tu-cottbus.de * Present name: Siltronic AG 3 × 10 13 cm −3 , (b) low N doped (LN) with N ranging from 3 × 10 13 cm −3 to 3 × 10 14 cm −3 and (c) high N doped (HN) containing 3 × 10 14 cm −3 to 3 × 10 15 cm −3 N. The concentration of oxygen was (5-6)×10 17 cm −3 for LN and HN and 6.8 × 10 17 cm −3 for the UN wafer. LN and HN wafers were annealed at 1200°C/2 h in pure Ar under clean conditions. This annealing served as preactivation treatment for the simultaneous formation of the DZ and the nuclei for IG.
SIRM measurements were performed on the entire wafers. Then, radial strips were prepared from the wafers for IR-LST measurements [5] . After completion of IR-LST, samples with a size of 5-20 mm were cut from selected parts of the strips for electron beam induced current (EBIC) and transmission electron microscopy (TEM) investigations. EBIC analysis was carried out on crosssections at T = 80 K using evaporated Al Schottky contacts. The low temperature was used in order to enhance the sensitivity [6] . TEM analysis (acceleration voltage 1 MV) was performed on cross-sections in order to inspect defects in the DZ as well as in the bulk.
3 Results and discussion about 60-120 µm, deeper than the DZ, whereas IR-LST data were obtained in a depth of 300-600 µm measured from the wafer surface. SIRM and IR-LST data show clear correlation, but SIRM gives lower absolute values [5] . We assume that this difference is caused by a relatively low sensitivity of SIRM in the case of small sized precipitates. So, we have used IR-LST as the main method for further investigations.
It can be seen from Figure 1 that a nearly uniform radial distribution of precipitates is formed in HN Si. The concentration of precipitates exceeds 10 9 cm −3 for almost all distances. The high density of precipitates allows to expect a good quality of IG during further thermal treatments. In the case of LN Si, a high density of precipitates was reliably formed only in the central part of the wafer. Partly, a radially inhomogeneous precipitation was found in the outer region of the LN wafer. The position of the fluctuations was not quite reproducible when another part of the wafer was studied, as can be seen from a comparison of two curves obtained at different points on the same wafer. The radial distribution of the DZ in LN and HN wafers is depicted in Figure 2 . There is a tendency of narrowing the DZ in the outer part of the wafer. But in all cases the width of the DZ exceeds or is equal to 15 µm, which is sufficient to ensure the use of the Ar annealed wafer material for state of the art CMOS manufacturing processes. The defect-free DZ in both LN and HN wafers was detected also by TEM measurements.
Because the central parts of the wafers show a more uniform distribution of the precipitates, only central parts were used in further investigations by EBIC and TEM. In Table 1 . Comparing the upper four images in Figure 3 , one can see a qualitative correlation between IR-LST and EBIC. Indeed, there is a wider defect-free zone in both images on the left (LN material) compared to the images on the right (HN material). The densities of defects are higher for the HN material in both IR-LST and EBIC images. In addition, bright spots are more pronounced in the images of HN Si. The value of the EBIC contrast in HN Si is much larger than in the LN samples. Most probably, the difference in the EBIC contrast reproduces the difference in the area of the effective surface of precipitates.
The defects found by TEM in the volume of LN wafer are typically about 5 µm in size, with a concentration of nearly 10 8 cm −3 (bottom left image in Figure 3 ). The defects are mostly elongated, dislocation-like structures, which are not decorated with precipitates. The HN samples are characterised by smaller defects with a size of about 0.1 µm. These defects are precipitates with punched dislocations or dislocation loops (bottom right micrograph in Figure 3 ). Using weak beam conditions, the precipitate morphology appears to be rather 2-dimensional (platelike) than 3-dimensional (octahedral), although the latter is considered to be the equilibrium morphology at the high temperatures applied. The defect density measured by TEM is about 10 5 to 10 6 cm −3 , which is about 2-3 orders of magnitude lower than expected from EBIC and IR-LST. The discrepancy in the observed density of defects in the HN material can be explained in following two ways. The existence of a relatively high concentration of N in HN material leads to the formation of an increased number of nuclei for precipitates not exceeding 1 nm in size, which corresponds to the actual resolution limit of the TEM used. The agglomerates of such defects can be detected by light scattering or by EBIC, but may remain invisible by TEM because of small strain fields around agglomerates. Further investigations by high-resolution electron microscopy may prove this hypothesis. Another possibility consists in a partial relaxation of elastic strain around the precipitates if a sufficiently high concentration of N is added. N can drastically change interaction processes that occur between point defects [3] , which could favour the formation of vacancy-like defects around oxide precipitates and/or inside the agglomerates. This may result in a reduced deformation in the surrounding silicon lattice.
Conclusion
The IR-LST data show the largest volume densities of precipitates in comparison with SIRM, TEM and EBIC. According to IR-LST data, the increase of N doping leads to an increase of the density of precipitates to ∼ 10 9 cm
as well as to an improvement of their lateral uniformity. The width of the DZ revealed by IR-LST, SIRM and EBIC in all inspected wafers varies between 15 and 70 µm.
The SIRM data for the density of precipitates correlate with IT-LST but the density of precipitates is about 2-3 times lower. This indicates the existence of relatively small precipitates.
The EBIC images reveal a density of recombination active defects that is close to that obtained by SIRM.
The TEM investigations revealed the lowest density of precipitates, ∼ 10 5 -10 8 cm −3 . This strong difference between TEM and the other methods applied can be explained on the basis of the formation of agglomerates of nanometer-size precipitate nuclei or by the formation of usual oxide precipitates, but with substantially relaxed strain in the surrounding lattice due to the presence of other defects.
